A form of pneumoconiosis in rural
and bronchoalveolar lavage fluid features. Potential aetiological factors were assessed by determining levels of exposure to respirable quartz and non-quartz containing dusts and smoke in rural dwellings during maize grinding and cooking. Most of the women were symptomless. Radiological findings ranged from a miliary pattern to extensive fibrosis resembling progressive massive fibrosis.
Histological features included simple "anthracosis" in 12, anthracosis with macules in six, and mixed dust fibrosis in seven. Cell numbers and their proportions in lavage fluid were normal. More than 60% of macrophages were heavily laden with inorganic inclusions. Respirable quartz concentrations and calculated cumulative time weighted exposures were below those recommended for industry during grinding with sandstone (100% quartz) and they were even lower during grinding with dolerite containing no quartz despite the presence of an appreciable amount of quartz in the ground maize. Total respirable dust and smoke concentrations were greater than the recommended safe levels. Three women had no exposure to maize grinding. It is concluded that the inhalation of nonquartz containing dust and smoke from biomass fuelled fires is more important in the aetiology of this condition than exposure to quartz dust. The term "hut lung" may be more appropriate.
Domestically acquired pneumoconiosis has been described in women from the Transkei district of South Africa.' In their original paper Palmer and Daynes suggested that the term Transkei silicosis should be used for this condition as the chest radiographic features were similar to those of silicosis in other settings, postmortem reports on two patients who died from respiratory failure confirmed features of silicoanthracosis, and analysis of maize meal ground according to traditional methods between rocks containing quartz showed particles of quartz and small amounts of silicates. A chest radiographic survey of 152 healthy nurses in Transkei hospitals identified 11 cases in 1967 (7 2%).' In 1972 chest radiographic changes observed during a survey of patterns of disease suggested a lower incidence-namely 0 3% of adult women.2 Maize grinding was implicated by these authors because this activity is performed daily for 30-90 minutes by girls and women over the age of 9 years, so that by the fifth decade, when most cases are discovered, there has been lengthy exposure' (fig 1) . On the basis of this evidence a preventive programme was launched to encourage the use of hand or Figure 1 Transkei woman grinding maize in a poorly ventilated hut. The maize kernels (in the bowl) are ground between the oblong top rock and the large base rock. The personal dust sampler used in the study is strapped to the woman's waist and lapel. motor driven machinery to replace traditional methods. 3 Patients with this condition are still seen commonly at Groote Schuur Hospital. We report the clinical, radiological, physiological, histological and bronchoalveolar lavage fluid abnormalities found in 25 women with this condition. As relatively few quartz particles were identified in lung sections we studied concentrations of respirable quartz dust, nonquartz containing dust, and smoke in rural Transkei houses during maize grinding and cooking.
Methods

PATIENTS
All patients entered into the study, who were investigated at the Groote Schuur Hospital respiratory clinic over 12 years, satisfied five inclusion criteria. They had to (1) be rural women (predominantly from the Transkei) who for most of their lives had been exposed to smoke from cooking fires or who had ground maize by traditional methods, or both; (2) evidence of pneumoconiosis; (5) have no bacteriological or histological evidence of active tuberculosis.
A detailed history of previous suspected or proved pulmonary tuberculosis was recorded. Chest radiographs were reviewed and compared with the UICC/ILO standard radiographs used for assessment of pneumoconioses.
SPECIMENS
Lung biopsy specimens were obtained by the transbronchial route via a fibreoptic bronchoscope from 18 patients, by drill biopsy from five patients, at open lung biopsy from one patient, and at necropsy from one patient. Haematoxylin and eosin stained lung sections were examined by conventional light microscopy and under polarised light to detect birefringent material. The latter was not quantified. Control biopsy specimens were obtained at necropsy from seven city dwelling Xhosa women (one smoker) of similar age who had died from nonpulmonary causes and who had clear lung fields on their chest radiographs. All had lived in conventional urban housing, and had not practised traditional cooking methods.
Pulmonary function tests were performed in the lung function laboratory with standard equipment and methods. Results were corrected to BTPS and expressed as a percentage of the predicted value for sex, age, height, and race.57
Bronchoalveolar lavage of a peripheral lung segment was performed on eight patients during bronchoscopy and specimens of the lavage fluid were processed according to standard methods.8 All patients had conventional bacteriological investigations, including mycobacterial and fungal cultures of all bronchoscopic and other tissue specimens.
STUDY OF RURAL TRANSKEI HUTS AND COOKING METHODS
A field study of two villages (Nomonde and Tyara) in the Transkei was undertaken to examine the methods of traditional food preparation and cooking and the conditions under which it takes place. We obtained permission from women in two households in each village to monitor their daily tasks of maize grinding and cooking.
Smoke levels inside the cooking huts were measured with a Mini RAM smoke meter during cooking on an open fire fuelled with maize cobs, wood, and dried cow dung. Casella personal samplers were used to measure respirable dust concentrations during maize grinding,9 lo the sampler being attached to the women by means of a belt or placed on a free standing tripod 50 cm from the grinding rocks. Measurements were taken during grinding with sandstone and dolerite grinding rocks, as well as during the stamping ofmaize to produce samp ("stamp mealies"). To allow for the technical limitations of the personal samplers dust measurements were made over longer periods by arranging for the women to grind the maize for 40 minutes each in succession. Crushed samples of two types of grinding rock were analysed by x ray diffraction with a Philips goniometer. Thin sections of the same rocks were examined microscopically for texture. A sample of known pure quartz was used as a control. X ray diffraction of unashed specimens of maize ground with sandstone, dolerite rock, and "stamp mealies" was performed to determine their quartz content.
Results
DEMOGRAPHY
Twenty five patients met the inclusion criteria. Twenty two were Xhosas from the Transkei. The remaining three were of mixed race from Namaqualand (on the west coast of southern Africa) and did not grind maize but were heavily exposed to domestic smoke from cooking on iron stoves fuelled by smoky wood fires in poorly ventilated huts. They met all the other inclusion criteria. The mean age of the whole group was 43 (range 20-84) years. Seventeen were non-smokers, five were tobacco pipe smokers, and three (all from Namaqualand) had smoked under 11 cigarettes a day. Seven had evidence of previous tuberculosis. Fourteen were symptomless and had been referred for investigation of abnormal chest radiographs, 13 had mild acute respiratory tract symptoms suggesting acute infective bronchitis. Only four had presented because of chronic respiratory symptoms (chronic productive cough and mild dyspnoea on effort).
RADIOLOGY
The radiological features were compatible with pneumoconiosis. They ranged from diffuse fine rounded regular nodulation resembling miliary tuberculosis (fig 2) through coarser irregular nodules to extensive fibrosis resembling progressive massive fibrosis (fig 3) . The latter shadows were ragged and not lobulated, and resulted in shrinkage of the affected areas and hyperinflation of the remaining lung. The profusion ranged from 1/1 to 3/3 changes' all zones were usually affected. One patient had cor pulmonale. No eggshell calcification of hilar glands was noted, and none showed the appearance of Caplan's nodules. Six of 25 patients showed additional radiological changes compatible with healed tuberculosis.
HISTOLOGY
Three histological patterns were observed. 1 Simple anthracosis was found in 12 patients (defined as carbon pigment deposited within the septal and perivascular areas and surrounding terminal respiratory bronchioles, but without macule formation '2 
BRONCHOALVEOLAR LAVAGE FLUID FEATURES
The total cell yield was normal or mildly increased in the eight patients studied (table 2) . The proportions of lymphocytes, neutrophils, and eosinophils were normal, but a large proportion of the alveolar macrophages were heavily laden with inorganic inclusions (fig 6) . These were larger and more dense than those tFrom Namaqualand. found in heavy cigarette smokers. Seven of the eight patients were non-smokers.
MICROBIOLOGY
No microbiological evidence of tuberculosis or other chronic infection was found in any patient.
FIELD STUDY AND DUST MEASUREMENTS
Women from rural Transkei cook breakfast and often the main meal ofthe day inside poorly ventilated huts without chirnneys, on biomass fuelled fires that produce substantial smoke. Maize grinding is practised for about 45 minutes each day to produce the grain required for the staple diet of the average rural family. The process is performed by crushing dry maize kernels into a fine powder on a stable, hollowed out base rock with an oval hand held grinding rock (fig 1) . A fine dust made up of particles of maize and the grinding rocks is released and inhaled by the grinder. Two rock types are used for grinding. The preferred rock is sandstone, which is soft and crumbly and composed of almost 100% quartz, and produces coarse, crunchy maize meal. The alternative rock is dolerite, which is hard wearing, contains almost no quartz, and produces finely ground maize meal. Dolerite is more freely available and is used more commonly.
Maize grinding is performed by rural Xhosa women in the home after the age of about 10 years. It has been estimated that the average young woman aged 20-25 years has ground maize daily for at least eight years (with absence at school allowed for).'
The results of the measurement of respirable dust and quartz are shown in table 3 . An appreciable though low concentration of respirable quartz was liberated during grinding with sandstone but not with dolerite or during stamping. The time weighted averages derived from these values are compared in table 4 with those found in a well controlled gold mine and those recommended by the United States National Institute for Occupational Safety and Health'6 and the World Health Organisation."7
The most exposed maize grinder was exposed to time weighted averages for quartz similar to those of the least exposed gold miner. These values are well within the recommended limits for time weighted averages of industrial quartz exposure. The total respirable dust concentrations during maize grinding, however, approach those of the dustiest mine activities and often exceed the recommended industrial time weighted averages. X ray diffraction of the sandstone grinding rock showed multiple quartz peaks. Thin PS-personal sampler (attached to grinder); SS-standing sampler (placed on tripod). grinding and food preparation. The role of previous tuberculosis also remains to be defined; several patients in this series had evidence of previous tuberculous disease. We may also speculate whether hut lung predisposes to the development of tuberculosis, as occurs with occupational silicosis." The range of clinical manifestations of hut lung is well illustrated by this study. Most patients have a benign form that appears to progress very slowly over many years of exposure without causing illness or disability. Most patients had no respiratory symptoms and only mild radiological and physiological abnormalities. Attention is usually drawn to their radiograph when they present with incidental acute bronchitis. Progressive massive fibrosis develops in a minority and may progress to respiratory failure with cor pulmonale and death. The degree of histological abnormality noted in this study is almost certainly an underestimate due to the limited size of the transbronchial biopsy specimens obtained at fibreoptic bronchoscopy, the method used in most of our patients. Those obtained at open lung biopsy and at necropsy were the only ones showing silicotic nodules. Given the nature of the radiological changes, larger specimens would be likely to show advanced histological changes in many more patients.
The bronchoalveolar lavage findings in hut lung have not been previously described and are of some value in distinguishing this condition from miliary tuberculosis, in which an excess of lavage fluid lymphocytes is often found.'9 In hut lung a high proportion of alveolar macrophages are heavily laden with dense inorganic inclusions. Although heavy cigarette smokers have similar proportions of alveolar macrophages containing inclusions, these particles are finer than those found in hut lung.
A major clinical dilemma is distinguishing this disease from miliary tuberculosis, particularly as some patients have both conditions. Palmer and Daynes recommended that all patients with any possibility of miliary tuberculosis should be given a diagnosis of tuberculosis in the first instance and receive treatment.' Our study suggests that fibreoptic bronchoscopy and bronchoalveolar lavage should facilitate accurate diagnosis and obviate the need for a therapeutic trial of antituberculous treatment. In a rural setting, where these patients are most commonly encountered and where facilities for fibreoptic bronchoscopy are usually not available, recognising that hut lung often presents as acute bronchitis that settles rapidly with antibiotics should help management. Inpatient assessment is essential until the results of sputum and other tests are known. Empirical treatment with antituberculous drugs is nevertheless often necessary because of the serious consequences of not treating miliary tuberculosis.
We conclude that hut lung occurs as a result of exposure to both non-quartz and quartz containing dusts as well as smoke from biomass fuelled fires. The radiological appearance is that of pneumoconiosis and histologically it ranges from simple anthracosis to progressive massive fibrosis. Airflow limitation and reduced carbon monoxide transfer factor are common and appear to be independent of the effects of smoking and previous tuberculosis. Patients are generally symptom free. A few cases progress to cor pulmonale and death. Bronchoalveolar lavage fluid, bronchial brushings, and transbronchial lung biopsy specimens may help to distinguish hut lung from miliary tuberculosis. Preventive campaigns in rural areas are needed, focusing on improved ventilation of cooking huts through the use of chimneys, general reduction of nuisance dust and exposure, and grinding with quartz free rock or preferably mechanised grinders. Such measures need to be applied in all rural communities practising similar traditional cooking methods. 
